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FLIGHT INVESTIGATIONS AT LOW SUPERSONIC SPEEDS TCO DETERMINE
THE EFFECTIVENESS OF CONES AND A WEDGE IN REDUCING
THE DRAG OF ROUND-NOSE BODIES AND ATRFOTILS

By Sidney R. Alexander
SIMMARY

Flight investigations covering an approximate Mach number rangs
.from 0.9 to 1.k have been conducted to determine the effect of cones
and a wedge in reducing the drag of round-nose bodlies and airfolls.
At M =1.4 a 3-inch-long cone of 16° semivertex sngle mounted about
8 inches ahead of a 5-inch-diameter round-nose body reduced the drag
coefficient of thet body by sbout 0.17 (21 percent) as compared to a
reduction of about 0.21 (25 percent) obtained with a model having a
pointed solid nose of effectively equal finemess ratlo. The presence
of a amall leading-edge wedge mounted shead of an umswept, round-nose
alrfoil did not appreciably affect the dreg of the basic alrfoll.

TNTRODUCTION

Physical considerations indicate that 1f a emall cons, herein
somotimes termed a ' conical windshield, "ig placed ahead of a blunt-
nose body traveling at supersonic speeds, the low-veloclty waks
behind the windehield will expand and thus cause the external flow
to follow the contour formed by the extension of the surface of the
conical windshield. Thus, a small cone may produce substantlially
the same effect as a long pointed nose but have the advantages of
improved visiblllity and reduced structural welght.

The effect of the length of a windshield having a cone semi-~
vertex angle of 11°© 10! in reducing the drag of & basic round-nose
body has been presented in reference 1. The effect of Increasing the
semivertex angle of a 3-inch windshield to 16° is glven in the
present paper. These results are compared with those of reference 1.
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This method, as appllied to bodies, was considered promising enough
to warrant an exploratory applicetion to airfoils. A 5-percent-chord
wedge having a semivertex angle of 50 22' was placed 20 percent of the
airfoil chord sheaed of the wing of the test body of referemce 2. This
body incorporated an untapered, unswept NACA 65-009 airfbil_of agpect
ratio A = 2.7. The sides of the wedge, 1f extended, would become
tangent to the alrfoil surface. It was realized that for the anticipated
flight Mach number range the shock wave would never becoms atbached and
the considerations previcusly mentioned would not strictly apply. This
configuration was tested and the resulte compared with those of
reference 2. _ = - ;

The investigation was conducted by the Langley Pllotlese Ailrcraft
Research Dlvision at 1ts testing station at Wallops Islaend, Va. Data
have been obtained through an approximate Mach number range of 0.9 to
1.4h. The corresponding Reynolds number range based on over-all body
length is from 30 X 100 to 40 x 100. . _

MODELS AND TESTS . : _

The baglc model comstruction and configurstion have been adequately
described In references 1 and 2. The general arrangement of the test
body Incorporating the windshield 1s shown ag figure 1. Detalls of the
conical windehleld are shown as figure 2. The winged test body wlth the
leading-edge wedge 1s presented as figure 3. A discussion of the .
general testing technlque and the accuracy of the resultant data 1s
glven in reference 1.

RESULTS AND DISCUSSION

The test results obtalned for two similar windshield models are
prosented in figure 4 as plots of drag coefficlent, based_on body
frontal area exclusive of fins, against Mach number. A comparison is
made in flgure 5 between these results and the results of previous
drag tests of body-windshield combinations presented in réferences 1
and 3. Examination of this figure reveals that for the hlghest compa-
rable Mach number reached during the tests, M =-1.4, the 3-inch-long
windshleld of the present tests (semivertex angle of 16°) reduced the drag
coefficlent. of the basic round-nose body by about 0.17 (21 percent)
as compared to a reduction of ebout 0.12 (14.5 percent) for the
3-inch-long windshleld having a semlivertex angle of 11° 10' and about
0.21 (25 percent) obtained with the standard body shown in figure 6.
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This general condition exists over most of the Mach number range investi-
gated, Tt is thereby clearly indicated that a conical windshield of
relatively small dimenslons can effectively increase the fineness ratio
of & round-nose body at low supersonic speeds to the extent of producing
substantlally the same effect as a long polnted nose wlith the added
adventeges of improved visibility and reduced structural weight.

The test resulis obtalned from Fflrings of four similar models
incorporating the leading-edge wedge are presented in figure 7. The
values of drag coefficlent are hased on the exposed ares of the baslc
airfoil (1.389 sq £t). The average scatter from the failred curve is
within the genersl accuracy of the testing technique. By subtracting
from the totel drag of the Model, the drag of the wingless arrangement
shown in figure 6, the drag of the wing alone (plus interference) is
obtained. This result is presented in coefficient form in figure 8 amd
is compared wlth the drag of the baslc alrfoill of reference 2. Exami-
nation of the figure reveals that in the range of comparsble Mach
numbers (M = 1.05 to 1.225) the presence of the wedge caused no appreci-
eble difference in the drag of the basilc alrfoil, the difference in drag
coefficlent generally being within the accuracy of the tests. It should
be realized that the tested arrangement may be by no means an optimum
one and the results should be considered of preliminaz"y nature.

CONCLUDING REMARKS

At M = 1.4, increasing Bhe gsenivertex angle of a 3-inch-long conical
windghield from 11° 10' to 16° reduced the drag of a basic round-nose
body from 14.5 percent to 21 percent. This condition existed over the
general Mach number range investigated. It is clearly indicated from
results of tests conducted at low supersonic speeds that a small cone
placed shead of a round-nose body can effectively reduce the drag of the
basic body. The presence of & small wedge placed shead of a round-nose
elrfoll d41d not appreclably affect the drag of the baslc alrfoil in the
investigated Mach number range of 1.05 to 1.225.

Langley Aeronautical Leboratory
National Advisory Cormittee for Aercnautics
Langley Alr Force Base, Va.
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Figure 2.— General dimensiong of conical windshield investlgated.
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Figure 3.— General vilew of test body with leading—edge wedge.
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Figure 4 Basic data for two models m:lgmtion: Test body wilth 3-inch-long conical
windshield ivertex angle.
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Figure 5.— Compariscn of the effectiveness of several sizes of conical windshislds Iin reduclng the

. drag of a round-nose Hﬂ.ﬂhield length.
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Figure 8.— Wing drag coefficients; lesading—edge wedge on and off.
A =2,7; A=0°.
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